THE INDICENCE of tricuspid valve infective endocarditis has increased markedly, particularly in patients with a history of i.v. drug abuse.' Several reports have reviewed the usefulness of two-dimensional echocardiography in detecting abnormal masses associated with tricuspid valve endocarditis.A However, few reports have dealt with the echocardiographic and clnical features of pulmonary valve endocarditis. 3 7-9 We therefore reviewed the clinical spectrum and echocardiographic features in eight patients with pulmonary valve endocarditis.
Methods
During 5 years, we studied eight consecutive patients on whom morphologic documentation was available at the Heart Institute of Japan. All patients were thought to have infective endocarditis because of fever, positive blood cultures, pulmonary infiltration on chest roentgenograms or murmurs of pulmonary regurgitation. There were six men and two women, ages 18-56 years (average 34 years).
Echocardiograms were recorded within 24 hours of admission to our hospital, and the M-mode examina-tion preceded the two-dimensional study. All patients also underwent repeat echocardiographic examinations every 2 or 3 weeks during medical treatment. Echocardiographic studies were performed with the patient in the left lateral decubitus position. The Mmode echocardiograms were obtained with an Aloka SSD 110 or Irex System 11 ultrasonoscope and a 2.25-MHz transducer focused at 7.5 cm. The transducer was placed in the third or fourth intercostal space just to the left of the sternum.'0 Two-dimensional echocardiograms were performed with a Toshiba-SSH IOA phased-array sector scanner. Standard techniques were used to perform the examination,"I and two-dimensional echocardiograms were recorded on videotape.
The echocardiographic diagnosis of vegetation was based on the presence of shaggy echoes or localized extra echoes adherent to the valve not preventing its motion on the M-mode echocardiogram, and a mobile mass that was attached to or appeared to replace normal valve tissue on the two-dimensional echocardiogram.
Surgical or pathologic confirmation was available in all eight patients. Five patients underwent successful valve replacement (four aortic and one mitral) or repair of an intracardiac shunt.
One patient died during the follow-up period.
Results
The clinical, pathologic and echocardiographic observations on these eight patients are summarized in table 1. 198 CIRCULATION 
Clinical Course and Features
Six of eight patients were admitted to our Heart Institute with active endocarditis. They were first treated medically. Two patients underwent immediate surgery for progressive left-sided heart failure. Fungal endocarditis developed in one patient, who died of persistent infection and cerebral embolism 2 months later. Five patients underwent elective surgery after completion of treatment with appropriate antibiotics. The one remaining patient, who had pulmonary hypertension and cirrhosis of the liver and was therefore not referred for surgery, died during the follow-up period.
The clinical features in five patients were dominated by fever and left-sided congestive heart failure due to endocarditis, which caused regurgitation in the leftsided cardiac valves. Two patients had episodes of pulmonary emboli during treatment and the follow-up period.
Blood cultures were performed in all but one patient and were positive in six patients. The infective organism was Streptococcus viridans.
None of the eight patients was a heroin addict. Seven patients had congenital left-to-right shunts as a predisposing factor. Four had ventricular septal defect (three subpulmonary and one subcristal). Patent ductus arteriosus, tetralogy of Fallot and atrial septal defect were present in one patient each. Three patients had pulmonary valve stenosis.
Pathologic Findings
Vegetations were present on 13 cardiac valves in eight patients. The pulmonary valve was involved in seven, the aortic valve in four, and the mitral and tricuspid valves in one each. The number of vegetations on the pulmonary valve leaflets varied from one to innumerable. The vegetations on the pulmonary valve were 2-5 mm in diameter; the vegetations were polypoid in five patients and sessile in two. In the remaining patient, distal portions of the anterior pulmonary leaflet were completely destroyed. Except for the pulmonary valve in three patients, each of the five valves containing infective lesions appeared to be anatomically normal.
Echocardiography
M-mode and two-dimensional echocardiograms were obtained in six of eight patients. In two patients, only M-mode echocardiographic examinations were performed. The M-mode echocardiograms of two of seven patients with pulmonary valve vegetation were positive for valvular vegetations, which were characterized by thickened, extra or "shaggy" echoes. In the five other M-mode studies, double or multiple linear echoes were noted on the pulmonary valve in three patients and normal or thickened pulmonary valve echoes in two. In patient 6, who had pulmonary valve regurgitation, a cluster of abnormal echoes in the right ventricular outflow tract, which was continuous with the fluttering anterior pulmonary valve leaflet, was recorded on the M-mode echocardiogram; these findings are similar to those recorded with flail aortic valve.
In all cases, the morphologic features of infective valvular lesions corresponded to two-dimensional echocardiographic findings. On the two-dimensional echocardiograms, the vegetations appeared to adhere to the arterial surface in three patients and to the ventricular surface in two. Figure 1 shows the systolic and diastolic stop-frame images of long-axis views of the aortic root and pulmonary artery in a patient with a subpulmonary ventricular septal defect. A large vegetation replacing the right coronary cusp and a polypoid mass attached to the pulmonary valve were confirmed at surgery, during which a prolapsed right coronary sinus and subpulmonary ventricular septal defect were also observed.
In one patient, the vegetation could be differentiated from a stenotic pulmonary valve by tilting the transducer; an overriding aorta and discontinuity between anterior aortic wall and interventricular septum were also recorded ( fig. 2) . Figure 2 demonstrates the pathologic correlation with the two-dimensional echocardiographic findings of this patient obtained at surgery. Echocardiograms of a patient whose vegetation was seen only on the two-dimensional study are shown in figure 3 . A small vegetation (3 x 3 mm) was found on the tip of the posterior pulmonary valve leaflet at surgery, but the M-mode echocardiogram disclosed only a thick pulmonary valve echo.
The two-dimensional echocardiogram of patient 6 showed an abnormal, pedunculated mass moving into the pulmonary artery in systole and back to the right ventricular outflow tract in diastole ( fig. 4 ). Destruction of the anterior pulmonary valve leaflet was con-firmed at surgery.9 Other infective valvular lesions (aortic, mitral and tricuspid) were all demonstrated by two-dimensional echocardiography.
Six patients with infective valvular lesions on the initial echocardiogram were restudied before surgery and discharge. Four of them, who were afebrile, had completed a full course of antibiotic treatment at the time of the last echocardiogram, but the vegetation was unchanged in all patients.
In the remaining two patients who had had episodes of pulmonary emboli, the abnormal masses showed no remarkable changes in size and shape.
In seven patients, underlying congenital heart diseases were confirmed at surgery and necropsy. The subpulmonary ventricular septal defects in three patients were diagnosed by recording the bulging right coronary sinus in the right ventricular outflow tract and a small defect below the right coronary cusp on the two-dimensional echocardiograms. In a patient with tetralogy of Fallot, an overriding aorta and discontinu-PULMONARY VALVE ENDOCARDITISINakam]ur-a et atl. ity of the aortic wall with the interventricular septum were also observed. The echocardiogram of the patient r, .S s -ŵ ith a patent ductus arteriosus disclosed only left yentricular volume overload resulting from aortic valve endocarditis.
Necropsy studies of patients with right-sided infective endocarditis and of opiate addicts have shown that vegetation was 1O times more common in the tricuspid _ valve than in the pulmonary valve. The involved valves were nearly always anatomically normal before -I the onset of the cardiac infection, which was usually 
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So caused by highly virulent or unusual organisms, especially Staphylococcus aureus. 14 Although rheumatic heart disease was the most common underlying heart disease in the past, the survival of patients with congenital heart disease has increased the number and age of the population susceptible to infective endocarditis. Formerly, the patients most susceptible to infective endocarditis were those with tetralogy of Fallot, patent ductus arteriosus and ventricular septal defect. Congenital and acquired valve deformities play an important role in the pathogenesis of the infection and are responsible for the increase of infective endocarditis in adults. In this study, there were no drug addicts, and seven patients had congenital heart disease as a predisposing factor. Two patients with isolated pulmonary valve involvement had pulmonary valve stenosis, and six patients with pulmonary valve and left-sided valve involve-ments had congenital extracardiac or intracardiac shunt disorders, such as patent ductus arteriosus, tetralogy of Fallot and subpulmonary ventricular septal defect.
The localization of the valvular lesions in patients with infective endocarditis varies with the type of cardiovascular malformations. Vegetations usually develop on the low-pressure side of the defect with endocardial trauma, and downstream from the site of the lesions. In patients with patent ductus arteriosus, the vegetations first develop at the pulmonary end of the ductus; in ventricular septal defect, vegetations are usually seen in the right ventricular margin of the defect. Patients with subcristal ventricular septal defects and aortic regurgitation have a particularly high incidence of infective endocarditis involving the prolapsed cusps of the aortic valve.
In patients with subpulmonary ventricular septal de- 5~~~~~~~~~~A P D fects, the right coronary sinus bulges into the right ventricular outflow tract because of the abnormal position of the defect and jet stream passing the defect. The herniated right coronary sinus may cause a mild-tomoderate pressure gradient across the right ventricular outflow tract and also a prolapsed right coronary cusp resulting in aortic regurgitation.'2 Although the infection occurs on the "jet lesion" with a traumatized endocardium in the right ventricle, in patients with subpulmonary ventricular septal defect, the infection may extend from the deformed right coronary cusp to the essentially normal pulmonary valve, usually located on the low-pressure side without endocardial damage.
Observations by a number of investigators have indicated that in most patients with tricuspid valve endocarditis caused by a highly virulent organism, the clinical presentation is primarily due to acute pulmonary symptoms. However, only two of our patients had pulmonary emboli during the medical treatment, and the clinical features were dominated by fever and leftsided congestive heart failure due to mitral or aortic valve endocarditis.
Recent reports of the use of two-dimensional echocardiography alone and in combination with M-mode echocardiography suggest that diagnostic abnormalities may be identified in 80% or more of cases.5 Although two-dimensional echocardiography is more accurate in identifying the size and shape of vegetations, other infective lesions and abnormal anatomy, the sensitivity of M-mode echocardiography is improved when the M-mode beam is guided to particular structures by the two-dimensional images.
Infective endocarditis involving the pulmonary valve has rarely been reported,]for the pulmonary valve is the least commonly affected valve in infective endocarditis and is incompletely visualized unless pulmonary hypertension is present.
In this study, two-dimenisional echocardiography was useful in evaluating patients with infective valvular lesions. However, several possible sources of error exist. Although Dillon et al.f3 reported that a mass diameter of at least 2 mm was required for echocardiographic identification, the use of proper gain setting is one of the most important problems. If the gain settings are too low, the vegetation may appear smaller than it is or even be missed entirely. Excessively high gain setting will cause images to appear brighter and larger than actual size; the vegetation may become indistinct and appear to overlap with adjacent valvular tissue, resulting in false-positive or false-negative diagnoses.
Other valvular lesions must be differentiated from vegetations. In patients with valvular calcification, myxomatous degeneration and fibrotic valves, in- creased echoes resembling valvular vegetations may be recorded. In one patient, the result of M-mode study was negative for vegetations, but small vegetations could be differentiated from stenotic and thickened valves by tilting the transducer gently. Of the eight patients, six with vegetations on the initial two-dimensional echocardiograms recorded during active endocarditis were restudied after a complete course of antibiotic therapy. However, we could not distinguish between active and healed vegetation, even with careful adjustment of the gain settings.
In conclusion, we detected infective valvular lesions and diagnosed the basic congenital heart disease by two-dimensional echocardiography, which appears to be a specific method for detecting pulmonary infective endocarditis. The sensitivity of two-dimensional echocardiography was superior to that of M-mode echocardiography in detecting valvular vegetations, especially those attached to a stenotic or thickened pulmonary valve.
